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APPENDIX A

ARENA CHARACTERISTICS

This Appendix contains detailed data and figures which were judged to

be too voluminous for inclusion in the body of this report. It includes zonal

maps for each region of both the California and the Midwest Corridors as

well as port and service path characteristics.
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Figure A-2.
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Figure A-4. Sacramento Region
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Table A-i. California Corridor Port Characteristics

Mode
Port Port Processing Parking Parking

Abbreviation Description Time (hr) Time (hr) Cost ($/day)

Los Angeles

CAR LGOR Gorman 0.0 0.0 0.0
LSFV San Fernando 0.0 0.0 0.0
LOXN Oxnard 0.0 0.0 0.0
LSNA Santa Ana 0.0 0.0 0.0
LRIV Riverside 0.0 0.0 0.0
LCAP Capistrano 0.0 0.0 0.0

CTOL LLAX L. A. Int'l 0.384 O. 15 3.00':'
LBUR Burbank 0.284 0.067 3.00
LONT Ontario 0.284 0.067 1, 50
LLGB Long Beach 0.284 0.067 1, 00
LSNA Santa Ana 0.284 0.067 2.00

BUS LCBD Downtown 0.18 0.08 2.40
LLGB Long Beach O. 18 0.08 0.50
LSNA Santa Ana O. 18 0.08 0.50
LSB San Bernardino 0.18 0.08 0.50

RAIL LCBD Downtown 0.18 0.08 1, 75

Sacramento

CAR SCBD Downtown 0.0 0.0 0.0
SDAV Davis 0.0 0.0 0.0
SGALT Galt 0.0 0.0 0.0

CTOL SSMF Metropolitan 0.284 0.10 1.50':'

BUS SCBD Downtown O. 18 0.08 2.20

San Diego

CAR DCBD Downtown 0.0 O. 0 0 .. 0
DOCN Oceanside 0.0 0.0 0.0
DRIV North Central 0.0 0.0 0.0

CTOL DSAN Lindburg 0.284 O. 1 2.00

BUS DCBD Downtown O. 18 0.08 1, 50
DOCN Oceanside O. 18 0.08 1, 00

RAIL DCBD Downtown 0.18 0.08 1. 00

':'First day rate. Additional days at a different rate .
.
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Table A-I. California Corridor Port Characteristics (Cant)

Mode
Port Port Processing Parking Parking

Abbreviation Description Time (hr) Time (hr) Cost ($/day)

San Francisco

CAR FSJ San Jose 0.0 0.0 0.0
FVAL Vallejo 0.0 0.0 0.0
FDAV Davis 0.0 0.0 0.0

CTOL FSFO S. F. Int'l 0.384 0.15 2.75':'
FSJC San Jose 0.284 0.067 2.50':'
FOAK Oakland 0.284 0.10 2.00

BUS FCBD Downtown 0.18 0.08 3.50
FOAK Oakland 0.18 0.08 1. 00
FSJ San Jose 0.18 0.08 0.50
FWOD Woodland 0.18 0.08 0.50

RAIL FCBD Downtown 0.18 0.08 2.00

'~First day rate. Additional days at a different rate.
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Table A-2. Midwest Triangle Port Characteristics

Mode
Port Port Proces sing Parking Parking

Abbreviation Description Time (hr) Time (hr) Cost ($/day)

Chicago

CAR CCHI East State 0.0 0.0 0.0
Line

CTOL COHARE International 0.30 0.33 2.25
CMDWAY Midway 0.15 0.10 2.25
CMIEGS Miegs O. 13 0.07 2.50(a)

BUS CCBD Downtown O. 18 0.08 3.50

RAIL CCBD Downtown 0.18 0.08 2.50

Detroit

CAR DCHL Chelsea 0.0 0.0 0.0
DROC Rockwood 0.0 0.0 0.0
DTOL Toledo 0.0 0.0 0.0

CTOL DMETRO Metropolitan 0.20 0.17 3. OO(b)
DCITY City Airport O. 13 0.07 1. 50

BUS DCBD Downtown O. 18 0.08 3.00

RAIL DCBD Downtown 0.18 0.08 1. 00

Cleveland

CAR VAMH Amherst 0.0 0.0 0.0
VLOR Lorraine 0.0 O. a 0.0

CTOL VHOPKN Hopkins 0.17 O. 17 2.25
VBURKE Lakefront 0.13 0.06 1. 50

BUS VCBD Downtown O. 18 0.08 1. 25

RAIL VCBD Downtown O. 18 0.08 2.00

(a) estimated for 1980
(b) First day rate. Additional days at a slightly lower rate.
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Table A:"3. California Service Path Characteristics

Mode Service Path Cost ($) Time (hr)
Frequency (no.
departures /hr)

La s Ange1e s -San Francisco

CAR LGOR-FSJ 12.32 5.65 00

LSFV-FSJ 13.80 6.26 00

LOXN-FSJ 12.76 6.08 00

CTOL LLAX-FSFO 16.50 1.0 2.43
LLAX-FSJC 16.50 0.. 83 0.72
LLAX-FOAK 16.50 0.92 0.75
LBUR-FSFO 16.50 0.83 0.57
LBUR-FSJC 16.50 0.75 0.50
LBUR-FOAK 16.50 1. 17 0.50
LONT-FSFO 18.00 1. 03 0.50
LONT-FSJC 21. 60 0.92 0.36
LONT-FOAK 21. 60 1. 32 0.29
LSNA-FSFO 21. 60 1.0 0.43
LSNA-FSJC 21. 60 0.92 0.43
LSNA-FOAK 21. 60 1.0 0.50
LLGB-FSFO 18.00 1. 03 0.43

BUS LCBD-FCBD 13.50 9.0 1. 35

RAIL LCBD-FCBD 16.00 10.67 0.07

Los Angeles -Sacram.ento

CAR LSFV-SCBD 14.24 6.20 00

LSFV-SGALT 13.32 5.82 00

CTOL LLAX-SSMF 18.00 1.0 1. 07
LBUR-SSMF 21. 00 1. 53 0.36

BUS LCBD-SCBD 12.50 9.58 0.77

Los Angeles -San Diego

CAR LSNA-DOCN 2.00 0.82 00

LSNA-DCBD 3.52 1. 40 00

LRIV-DCBD 3.88 2.0 00

LRIV-DRIV 2.04 1. 07 00

LCAP-DOCN 1. 04 0.42 00

LCAP-DCBD 2.56 1.0 00

,:q 970 dollars
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Table A-3. California Service Path Characteristics (Cont)

Mode Service Path Co st ($) Time (hr) Frequency (no.
departure s / hr)

CTOL LLAX-DSAN 8.29 0.50 1. 80
LBUR-DSAN 8.00 0.50 0.40
LSNA-DSAN 8.00 0.42 0.47

BUS LCBD-DCBD 4.36 2.5 1. 38
LCBD-DOCN 3.38 1. 75 1. 38
LLGB-DCBD 3.84 2.25 0.54
LSNA-DCBD 3.49 1. 90 0.69
LSB-DCBD 4.89 2.33 0.54

RAIL LCBD-DCBD 4.75 2.75 0.20

San Diego-Sacramento

CAR DOCN-SCBD 18.56 8.02 00

DOCN-SGALT 17.64 7.63 00

DCBD-SCBD 20. 12 8.62 X)

DCBD-SGALT 19.20 8.23 00

CTOL DSAN -SSMF(a) 25.00 1. 67 O. 13
DSAN -SSMF(b) 27.00 2.47 0.37

BUS DCBD-SCBD 16.80 13.00 0.47

San Francisco-San Diego

CAR FSJ -DOCN 18. 12 8.08 00

FSJ -DCBD 19.68 8.68 00

CTOL FSFO-DSAN 24.50 1. 29 0.62
FSJC-DSAN 24.50 1. 58 0.92
FOAK-DSAN 24.50 1. 85 1. 23

BUS FCBD-DCBD 17.40 13.00 0.69

(a) Direct flight
(b) Connecting flight

A-13



Table A- 3. California Service Path Characteristics, 1971 (Cant)

Mode Service Path Cost ($) Time (hr) Frequency}no.
departures hr)

San Francisco-Sacramento

CAR FVAL-SCBD 2.30 1. 07
FVAL-SDAV 1. 60 0.68
FDAV-SCBD 0.68 0.30
FDAV-SDAV 0.0 0.0

CTOL FSFO-SSMF 8.00 0:33 0.43
FSJC-SSMF 12.00 0.58 0.14

BUS FCBD-SCBD 3.84 2.20 1. 78
FOAK-SCBD 3.48 1. 80 1. 78
FSJ-SCBD 4.33 4.75 0.29
FWOD-SCBD 0.85 0.42 0.36

A-14



Table A-4. Midwest Triangle Service Path Characteristics

Mode Service Path Cost ($) Time (hr)
Frequency I

departures/ hr) I

Chicago -Detroit

CAR CCHI-DCHL 9.56 3.77 00

CTOL COHARE-DMETRO 27.00 0.92 1.17
CMDWAY- 27.00 0.92 0.57

DMETRO
CMIEGS-DCITY 30.00 1. 25 0.29

BUS CCBD-DCBD 12.70 5.55 0.64

RAIL CCBD-DCBD 16.25 5.50 0.14

Chicago - Cleveland

CAR CCHI-VAMH 17.00 4.07 00

CCHI-VLOR 11. 67 6. 17 00

CTOL COHARE-VHOPKN 33.00 1. 11 0.89
CMDWAY- 33.00 1. 00 0.29

VHOPKN

BUS CCBD-VCBD 15.55 7.5 O. 79

RAIL CCBD-VCBD 19.75 6.6 0.07

Detroit - Cleveland
f---._-

CAR DROC-VAMH 5.48 1. 76 00

DTOL-VAMH 4.20 1. 27 00

CTOL DMETRO- 18.00 0.58 0.82
VHOPKN

DCITY - VBURKE 22.00 0.67 1. 00

BUS DCBD-VCBD 8.25 3. 15 O. 715
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APPENDIX B

AEROSPACE TRANSPORTATION SYSTEM SIMULATION
COMPUTER PROGRAM

B.l OVERVIEW

The Aerospace Transportation Systen1 Sin1ulation Progran1 consists of

four interrelated routines which operate as follows. The Modal Split routine

uses n1ode, arena, and traveler characteristics to produce as a function of

fare the percent of traveler s using each available transportation n1ode. In

this analysis, a special n10de (STOL) is n10deled assun1ing infinite frequency

of service. For this special n1ode, the n10dal split routine produces outputs

defining a distribution of n1axin1un1 waiting tin1es, which is later used to deter

mine how long potential STOL travelers will be willing to wait for a departure

under a finite frequency of service before taking an alternative n1ode.

The Den1and-Matching routine uses the total daily intercity travel

den1and, STOL schedules, a diurnal distribution of den1and, and the STOL

modal split and waiting tin1e distributions to produce average load factors for

each aircraft capacity and fleet size (as sociated with a particular schedule).

The Econon1ic-Analysis routine uses these load factors along with fleet

sizing requirements to produce an econon1ic analysis (profit, investn1ent costs,

return on investn1ent) for each of the fleet sizes and capacities tested.

Finally, an Optin1ization routine uses various operating criteria to pick

the best STOL fleet size and fare for each capacity. Each of these routines

is discussed in n10re detail below.

B.2 THE MODAL SPLIT ROUTINE

a. Overview

Modal split analysis atten1pts to detern1ine the utilization of a nUn1ber

of alternative travel n10des between specified origins and destinations. The

msthod described herein cOn1putes the n10dal split by generating sin1ulated

travelers, each having a set of pertinent attributes randon11y selected fron1

B-1



appropriate probability distributions. Distributions are used to determine

purpose and duration of trip, origin and de stination door locations and time

of day, the traveler I s "time value II (a function of his income) and party size,

his "preference factor" for each alternative travel mode, and his waiting

times (which are functions of service frequency) for each mode. (These quan

tities are explained fully below.) The attributes of individual simulated

travelers are generated by drawing random samples from these distributions.

Once an individual traveler's attribute s have been generated, his "effec

tive cost function" for each travel mode is computed. This effective cost func

tion reflects out-of-pocket cost, trip time, travel mode service frequency, and

traveler preferences. When the effective cost functions for the alternative

modes have been computed, the traveler is assigned to the mode with the mini

mum effective cost function.

One mode (designated as the special mode, or STOL in this particular

analysis) is treated differently with respect to frequency of service. For this

mode, it is assumed that there is infinite frequency of service or, in effect,

no waiting. Instead, when a traveler is assigned to STOL, a computation is

made to determine how long he will wait before taking an alternate mode.

This inforrnation will be used later in the demand-matching routine which uses

specific STOL schedules.

The modal split and a distribution of tolerable STOL waiting times is

thus determined by generating many simulated travelers and assigning each

traveler to his minimum-cost-function mode.

b. Arena Characterization

Figure B-1 depicts the arena or abstraction of the real world in which

the modal split simulation take s place. Two regions are each divided into a

number of rectangular zone s of various size. Each travel mode has one or

more ports in each city, some of which may be collocated (as, for example,

the combined CTOL/STOL port in the figure). Car mode is also considered

to have "ports" which normally represent points of acces s to the highway

system between the two regions. Transportation service may be provided

B-2
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between some or all intercity port-pairs. Each port-pair of each mode for

which service is provided is called a service path. Service, when provided,

is characterized by its cost, trip time, and frequency (car mode is always

considered to have infinite service frequency).

c. Inputs

( I) Arena Inputs

Inputs as sodated with the entire simulation arena consi st of: (i) the

number of simulated travelers to be generated in order to get a statistically

accurate modal split; (ii) the fraction of those travelers that are business

travelers; (iii) the relative number of travelers that live in each city; (iv) the

party size and trip duration distributions for both business and nonbusiness

travelers; (v) the fraction of travelers affected by frequency of service;

and (vi) a factor which expresses the conversion of waiting time to perceived

time. The specified service frequencies of the various modes (expressed as

the number of departures per hour) is used to compute the time intervals

between flights or services. For those travelers who are affected by service

frequency, random sample s are drawn from the se time inte rvals during sirnu

lation and are used to compute waiting times for the various modes. These

waiting times are then converted to their equivalent perceived times. Waiting

time may be perceived to be wor se than traveling tim e if the waiting is done at

a port or station. On the other hand, if wait1l1g is done at horne or at the office,

this may be time effectively spent and the delay would not consist of totally

wasted time.

The distinction between business and nonbusiness travelers is impor

tant because many of the attributes directly affecting mode choice are

dependent upon whether or not the traveler is on a business trip (for example,

the traveler's time value, trip duration, and party size). Party size is impor

tant because the direct costs associated with the car mode can be considered

to be divided by party size, while those of other modes cannot. Trip duration

is important because certain costs (for example, the parking cost at a port)

are dependent upon the duration of the trip. The trip duration distributions

were found to be inherently lognormal and so are represented by two parameters
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related to the median and standard deviations of a lognormal di stribution.

The fraction of travelers of a given type (business or nonbusiness) affected by

frequency of service represents those who have strong schedule preferences;

much of the time spent by them waiting at either end of a flight or trip is

wasted. Conversely, the fraction not affected by service frequency represents

those flexible travelers who would not be appreciably inconvenienced even if

a mode had only a few departure s during the simulation interval.

Note that with the exception of the waiting time conversion factor and

the number of travelers to be simulated, all of the input quantities discussed

in this section represent distributions; as such, they are not utilized directly

in subsequent computations. Rather, random sample s drawn from the se

distributions are used to establish the attributes of individual simulated

travelers.

(2) Region Inputs

Inputs associated with each region consist of the fraction of trips arriv

ing or departing during the peak traffic period of the day along with the cost

and time of local transportation (as functions of distance) for the peak and

off-peak periods. Cost versus distance and time versus distance tables are

provided for both private car and composite local transportation mode s.

These tables permit the cost and time associated with the door-to-port

(origin region) and port-to-door (destination region) portions of trips to be

computed based on the distance to be traveled. The tables enable each simu

lated traveler to make a tradeoff between driving his car and parking at the

port (for hi s trip duration) ver sus taking the composite local transportation

mode (which may be a weighted average of taxi, local bus, airport limousine,

etc.). The tables permit realistic nonlinearities in these functions, such as

the fact that for short distances local travel is accomplished at a lower aver

age speed than for longer distances. Travelers who use car for their port-to

port mode must use the car tables for local travel in each region.
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Travelers using noncar modes must use local transportation in the destination

region but may choose the most cost effective door-to-port mode in the origin

region.

Tables of parking cost and transportation rental cost versus trip dura

tion for the destination region are also provided. These tables permit differ

ent costs to be incurred in the destination region, depending upon whether a

traveler drives there (in which case he would incur the parking cost) or takes

a public transportation mode (in which case he would incur the transportation

rental cost). Either or both of these costs may be made zero for all values

of trip duration if appropriate for a specific application.

(3) Zone Inputs

The inputs associated with each rectangular zone of a city are: (i) the

coordinates of the corners of the zone (relative to an arbitrary origin); (ii) the

relative resident busines s travel demand (the number of re sident busines s

travelers emanating from that zone relative to other zones); (iii) the relative

visiting business travel demand (the number of nonresident business travelers

arriving in that zone relative to other zones); (iv) the relative resident non

business demand; (v) the relative visiting nonbusiness demand; and (vi) the

lognormal time-value distributions for business and nonbusiness travelers.

Time value is the hourly rate the traveler associates with the time

spent on his trip and is gene rally considered to vary depending upon whether

he is traveling for business or for nonbusiness purposes. Time value is used

to convert total trip time to equivalent dollar cost. The provision for separate

time-value distributions for each zone permits a realistic representation of

the variations in affluence throughout the region.

(4) Mode Inputs

Each travel mode has an associated lognormal preference-factor distri

bution. The preference factors for the various modes are intended to repre

sent all of the noneconomic factors affecting mode choice, that is, all of the
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factors which cannot be expressed in units of cost and/or time. Since they

represent the intangibles, the preference factors are the calibration param

eters of the simulation model. They are the quantities that are adjusted to

achieve consistency between model predictions and actual mode-use surveys

in arenas for which survey data exists. In the simulation, the intercity por

tion of a traveler's cost function for each mode is divided by his preference

factor for that mode (as drawn from the appropriate distribution). Thus a

preference factor less than 1 for a given mode indicates that the traveler

view s that mode with disfavor, whereas a factor greater than 1 indicates a

preference for the mode. Preference factors, therefore, repre sent the degree

to which a traveler will go against pure economics in choosing a travel mode.

(5) Port Inputs

Each travel mode may have one or more ports in each region. Ports

are uniquely associated with specific modes. For example, a combined

CTOL/STOL port is simulated by locating a CTOL port and a STOL port at

the same point. Each port is characterized by its location, processing cost,

processing time, parking time, and a table of parking cost versus trip dura

tion (the length of time in days that the traveler will be away from his resident

city). The port processing cost is simply any cost incidental to the use of

that port, such as a baggage handling charge. The processing time is the

time spent from arrival at the entrance to the port until the intercity portion

of the trip begins. This time might typically include baggage checking, intra

port movement, and ticketing but doe s not include waiting which is treated

separately. The parking time is the additional time required to park a car

and walk from the parking lot to the port entrance. This time is added if

the traveler elects to drive his car to the port and park it for the trip dura

tion. The parking cost table is used to establish the cost he incurs.

(6) Service Path Inputs

The inputs as sociated with each service path are those required to

describe the service provided between that pair of ports: out-of-pocket cost,
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trip time, and service frequency. For public transportation mode s, the out

of-pocket cost is the fare, the trip time is the scheduled time (which may

include an increment for predictable or usual delay), and the service fre

quency is the number of trip s made per hour. For car mode, cost and time

are the values that apply to that service path, and service frequency is not

input since it is automatically considered to be infinite (a traveler's own car,

if available, is not constrained by a finite "s ervice frequency") . Similarly,

the special mode (STOL) is considered to have infinite frequency since explicit

schedules for this mode will be modeled later in the Demand-Matching routine.

d. Generation of Traveler Attributes

The attributes of each simulated traveler are generated by random draws

from the input-probability distributions described in the preceding sections c. 1

through c. 6. Correlations between attributes are explicitly represented in

that the determination of a given attribute may define the distributions from

which other attribute s are drawn.

The sequence used to generate a complete set of attributes for a simulated

traveler is as follows: First, a draw is made based on the number of travelers

who live In each region to determine the traveler's resident region. This is

the region in which his trip is assumed to originate. Then the departure and

arrival time periods (peak or not peak) are drawn, based upon the appropriate

fractions for each region. Next, a draw is made based on the specified fraction

of travelers that are business travelers to determine the traveler's trip pur

pose. Based on the outcome, draws are made from the appropriate distribu

tions to determine the traveler's origin region zone, trip duration, party size,

preference factors for each of the alternative mode s, and destination region

zone. From distributions as sociated with the traveler I s origin zone, his time

value and origin door coordinate s are drawn (door coordinate s are drawn uni

formly from within the zone). A determination of whether or not the traveler

is affected by service frequency is made by drawing from the appropriate two

valued distribution representing the fraction of business or nonbusiness trav

elers affected. If he is found to be affected, his waiting times for all the
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alternative service paths are computed by drawing from uniform distributions

over the intervals between trips. For example, if the interval between trips

on a particular service path is 30 min, the waiting time for that path will be

determined by drawing from a uniform distribution of 0 to 30 min. Finally,

the traveler's destination door coordinates are drawn from a uniform distri

bution over the de stination zone.

e. Cost Function Computations

Once the attributes of a simulated traveler have been generated, his cost

function for every service path is computed. The cost function for a given

service path consists of three components - the door-to-origin-port portion of

the trip, the port-to-port portion, and the destination-port-to-door portion.

For each component, the pertinent costs and times are summed separately,

and the total time is converted to equivalent cost by multiplying it by the trav

eler's time value. The port-to-port portion of the cost function (cost plus

time multiplied by time value) is divided by the traveler's preference factor

for the mode under consideration. All costs as sociated with the use of a pri

vate car (either for the entire trip, or to drive to a port and park) are divided

by the traveler's party size. For public intercity modes, a tradeoff is made

between driving to the origin port and parking for the trip duration versus

taking the composite local transportation mode to the port; the traveler is

presumed to follow the course of action which results in the minimum cost

function. Local travel (door-to-port and port-to-door) is presumed to take

place along orthogonal north- south and east-west lines (or any other desig

nated orthogonal compass directions for that matter), and local travel dis

tance s are computed accordingly. Costs and time s are determined from

these distances using the input tables for the appropriate time periods of

travel. The assumption that local travel takes place along orthogonal lines

represents a first-order model of a city street network, while avoiding the

nece s sity of repre senting such a network explicitly.
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f. Mode Choice

Each simulated traveler is assigned to that mode and service path

which has the smallest effective cost function. If this mode is the special

mode (STOL), an additional computation must be made to determine the

traveler's maximum tolerable waiting time for this mode. A traveler's

willingness to wait for a STOL flight is measured by the difference between

the STOL effective cost function and the effective cost function of the

next best non-STOL mode. This difference, expressed in dollars, is con

verted into waiting time using the traveler's sampled time value and STOL

preference factor. If the traveler had to wait more than this length of time

for a STOL flight, it is assumed that he would rather take the next best

mode (which already has its waiting time taken into account in its cost

function) .

g. Outputs

The outputs of the modal split simulation program consist of optional

output during simulation, and a standard set of outputs at the conclusion of

a simulation. During simulation, "traveler's records It may be printed for

every nth traveler (where n is specified). A traveler's record consists of

all of the known facts about a given traveler - all of his attribute s, hi s as sign

ment to a particular mode and service path, and the cost function components

(all the costs and times) associated with that assignment. Traveler's records

are useful for verifying that a simulation case is specified correctly and for

gaining insight into why travelers are making certain mode choices.

At the conclusion of a simulation, the number or fraction of travelers

as signed to each service path of each travel mode is provided, along with

totals by city ports and travel modes. In addition, for the special mode two

waiting-time distributions are provided for each service path (one for each

of the two tirne periods) along with the relative amount of travel on this mode

during the two time periods. This special mode output is used as an input to

the demand-matching routine.
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B.3 DEMAND-MATCHING ROUTINE

In addition to the STOL fractional modal split and waiting time distri

butions for each STOL fare, the Demand Matching routine uses the intercity

total daily travel demand, a diurnal distribution of desired departure times

and a set of candidate schedules (with associated fleet sizes and capacities).

This routine determine s the average load factor (and actual number of

passengers carried) for each schedule and capacity, using a Monte Carlo

simulation. In this process each potential STOL traveler is assigned an

explicit de sired departure time and maximum waiting time. A traveler I s

desired departure time is sampled from a diurnal probability distribution

repre sentative of short haul air travel. Hi s maximum waiting time is sampled

from one of the waiting time distributions produced by the modal split routine.

The actual distribution used depends on the traveler's desired departure time

and service path. If the total time between a traveler·s desired departure time

and the time of the next unfilled flight isle s s than hi s maximum waiting time,

he is assigned to that flight. If his waiting time is not large enough or if there

are no remaining available flights during the day, the traveler is considered

lost to another mode. Flights during the evening peak hours will fill up more

often than other s due to the high demand during this period. However, most

schedule s will have additional flights in the early evening which will not typi

cally fill up. Therefore, most travelers will be lost due to their unwillingness

to wait for the next available flight rather than the lack of unfilled flights.

An additional feature of this routine allow 5 a flight to be cancelled if the

load factor is below a specified minimum. In this case sorne of the travelers

already assigned to that flight will be lost while others will take the next avail

able flight, depending upon their maximum waiting time. This feature can be

helpful in determining optimal schedules.

It is very cost effective to separate the Demand-Matching from the Modal

Split routines. Many schedules and capacities can be tested for a minimal com

puter cost as opposed to rerunning the whole modal split routine for each new

STOL schedule. The disadvantage is that it is not possible to tell to which

mode s the lost STOL traveler s go. However, this can be determined after the

B-11



fact for any schedule of interest by rerunning the Modal Split routine with

finite STOL frequency of service (corre sponding to the frequency of the gi ven

schedule) .

B.4 ECONOMIC ANALYSIS

Cornplete details of the economic analysis rnodel are contained i::1 Appen

dix C. Only the inputs and outputs will be discussed here.

Fixed i:1put 1:0 the economic analysis routine consists of over fifty des

criptive parameters to describe characteristics of the aircraft being consid

ered, as well as other economic ass~l!uptions. In addition, for each service

path the following are specifi.ed: stage length, a set of candidate fleet sizes

to be tested (along with the associated schedules, number of departures, and

capacities), and the actual number of passengers carried for each fleet size,

capacity, and fare.

After the anlysis, this routine provides for each capacity, fare and fleet

size, the after-tax daily revenues, daily operating costs, aircraft investment

costs, return on investment, and any profits in excess of (or below) a speci

fied fair return on investment.

B.5 OPTIMIZATION PROCEDURES

The purpose of this routine is to specify for each capacity, the be st

operating fare and fleet size. It is a multilevel optimization routine which

exercises a hierarchy of restrictions.

Basic inputs to this routine consist of a maximum average load factor

and a specification of what constitutes a fair return on investment. Given a

set of operating conditions (for example, a nmuber of fleet sizes for a given

fare and capa.city, or a number of fares for a given capacity), the routine

selects the be st condition in the manner noted below.

First the restriction of operating with less than the maximum permis

sible average load factor is exercised .':' Any operati:1g condition not satisfying

this restraint is eliminated. This restriction is needed to reflect weekly and

yearly variations in demand, as well as realistic operating conditions. Airlines

,'.

"'This constraint is applieq independently to each service path.
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may operate with very high load factor during peak seasons but over the course

of the year a lower load factor will prevail. Similarly an airline which oper

ate s with insufficient capacity will antagonize pas senger s and invite additional

competi tion.

The next restriction is that of making at least a fair return on invest

ment. While it is always possible to operate below the maximum average load

factor (by increasing fleet size or increasing fare), it is not always possible to

obtain a fair return on investment. If none of the remaining operating condi

tions satisfies this requirement, then the operating condition which most closely

approximates a fair return on investment is selected as the best operating

condition.

Finally, if more than one operating condition show s at least a fair return

on investment, that operating condition which maximizes the number of passen

gers carried is chosen.

This total procedure is first used on each service path to find the best

fleet size for a given fare and capacity. Then, if there is more than one STOL

service path for a given city pair, the STOL results are aggregated over all

service paths as a function of fare and capacity. This procedure as sumes that

only one STOL fare and capacity will be used for a given city-pair on all service

paths. The optimization routine at this point then determines the best fare for

each capacity for the total STOL system between the given regions.

B.6 OUTPUTS

The final output of the Transportation System Simulation Program con

sists of a table for each aircraft concept. This table designates as a function

of capacity, the optimum operating fare and fleet size (with an associated

schedule), plus the results of operating under these conditions (e.g., average

load factor s, return on inve stment, total inve stment). In addition, there are

many intermediate results which include modal splits of non-STOL modes, as

well as a complete analysis of all non- optimum operating conditions.
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APPENDIX C

ECONOMICS

C.l FLYAWAY COSTS

The basic methodology used in the flyaway cost analysis emphasized

relating known aircraft characteristics and costs to the new STOL aircraft

concepts rather than using costs derived from prior studies and analyses,

since these latter costs were not consistent with vehicle sizes or configurations.

An initial analysis was conducted comparing the size and performance of

existing aircraft to each of the new STOL concepts to indicate the significant

performance parameter differences that will affect the STOL aircraft flyaway

costs. This comparison, shown in Table C-l compares both an existing turbo

prop and turbofan with the STOL turbofan and turboprop aircraft.

The most significant size and performance variations between the

existing CTOL aircraft and the STOL concepts were in design range and engine

characteristics. The impact of design range on weight can be seen by com

paring the US-passenger DC 9-30 which has a gross take-off weight of

108,000 pounds and a design range of 1, 700 miles with the 120-passenger

Externally Blown Flap (EBF) aircraft which has a gross takeoff weight of

93,011 pounds and a design range of SOO mi. Were the EBF to be designed

for a longer range, it would increase in both weight and cost.

With respect to engine concepts, the turboprop designs were based on

lightweight/low SFC characteristics that are not found in present technology

engines, while the turbofan concepts appeared to be within present technology.

a. Research and Development Costs

Research and development costs were estimated by airframe and engine

types. Airframe development costs were developed from available industry

estimates and prior V/STOL studies and are illustrated in Figure C-l.

Industry estimates of commercial development costs are generally not published

and, therefore, represent a large uncertainty. While the early jet transports

owed much of their technology and aircraft systems, particularly engines, to
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prior military development, it is likely that future STOL aircraft will not

have the benefit of such prior development. Commercial versions of military

aircraft have also generally been uneconomical, as aircraft primarily devel

oped to fulfill military requirements tend to be heavy and complex. The S-6l,

C-130, C-14l, and C-5 are examples of military aircraft that were, with

limited exceptions, not attractive to commercial airline s.

Turboprop engine development costs, shown in Figure C-2, were esti

mated using a 1965 Rand formula (Ref. C-l) which was escalated to 1971 dollars.

Turbojet/turbofan engine development costs, shown in Figure C-3 are

largely dependent upon the amount of advanced technology incorporated into a

new engine design. The present technology formula (Ref. C-2) is representa

tive of present technology. Available cost data also indicates that the present

technology formula provides costs consistent with recent development pro

grams. For example, the 14,000 lb thrust Pratt & Whitney JT8D was reported

(Ref. C-3) to have cost more than $100 million.

Since the engine thrust/weight relationships developed in the initial

analysis were within today's engine technology, it was assumed that the cores

of existing engines could be adapted to meet the required STOL engine per

formance requirements. The derivative engine cost curve shown in Figure C-3

was used in the engine cost analysis. It is recognized that uncertainty exists

as to whether a basic engine will be available in all thrust ranges and that,

depending upon specific engine characteristics, additional or new development

may be required.

b. Unit Cost

Unit costs were estimated per airframe and engine based upon the

production of 600 aircraft. This estimate was predicated on sales of existing

jet powered aircraft and the typical breakeven quantity needed by a major

manufacturer.

C-4
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For a comparison of existing aircraft sales, a cumulative list of jet

aircraft ordered through 1970 (Ref. C -4), shown in Table C-2, indicates that

the following number of aircraft have been sold:

1380

837

884

707/DC-8

727

737/DC-9

A worldwide forecast for STOL aircraft with respect to type, size, and design

range cannot as yet be predicted with any degree of confidence. For example,

origin and destination data indicate that major U. S. markets for short-haul

STOL aircraft lie within the 200-400 mi range while the European market

appears concentrated in the 100-300 mi range. However, several U. S. air

lines would like an 800 mi range so that service could be provided to the

New York - Chicago market.

Turboprop engine unit costs, shown in Figure C-4 were derived from a

1965 Rand formula (Ref. C-5) which was escalated to 1971 dollars. The cost

curve can be seen to reasonably correlate with the cost of existing engines.

It was assumed the material, labor, and tooling costs for producing the light

weight, low SFC engine would raise the unit costs to the level represented by

the band.

Turbojet/turbofan engine unit costs are shown in Figure C-5 and are

based on 1970 Rand engine formulas (Ref. C-6). Costs of present engines

can be seen to reasonably correlate with the projected cost trend. Based

upon engine characteristics developed in the initial analysis, turbofan unit

costs were projected using the present engine technology cost curve. How

ever, using the engine characteristics developed in the revised analysis

turbofan unit costs based on advanced technology engines should have been

used.
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c. Flyaway Cost

Aircraft flyaway costs are shown in Table C-3 by airframe and engine

cost for each of the STOL concepts in the range of aircraft capacities studied.

These costs are based on research and development costs, amortized over

600 aircraft and the cost estimating relationships previously developed for

the airframe and engine based on the initial weight analysis. Flyaway costs

represent the sales price to an airline for an equipped aircraft including

avionics but excluding support items such as spares.

A flyaway cost comparison of existing CTOL versus STOL concepts is

shown in Table C-4. The flyaway cost shown for the YS-ll and DC 9-30 were

obtained from a CAB unit cost report (Ref. C-7). These costs were also used

as a guide for estimating airframe unit costs based on the development costs

assumed. To develop an airframe unit cost/lb estimating relationship, a

$300 million DC-9 airframe development cost and a 500 production amortiza

tion basis was assumed, resulting in a basic airframe cost-estimating rela

tionship of $57 per pound. Based on complexity and weight factors, cost

estimating relationships were extrapolated for each of the STOL aircraft con

cepts. Existing engine costs for the YS-ll and DC-9 were also adjusted to

reflect a small development amortization cost.

A recent review of the inputs used in generating the costs in Table C-5

has indicated that the costs for both turbofan aircraft are too optimistic (low).

This was due to a misinterpretation in engine weights, resulting in an under

estimation of engine costs, total aircraft weight, and aircraft costs. A check

of the effect of this on the study results for the California Corridor indicates

that the higher aircraft costs will require an increased fare to achieve the

desired ROI, and the total STOL demand would decrease by 15 percent.

Current system studies (Task A-l and E) will reflect the corrected weights

and costs.
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C.2 DIRECT OPERATING COSTS (DOC)

DOC specifically relate to flight equipment and cover costs of flying

operations, direct maintenance, and depreciation of aircraft.

The "Standard Method for Estimating Comparative Direct Operating

Costs of Turbine-Powered Airplanes" that is published by the Air Transport

Association (Ref. C-8) provides a means for assessing and comparing the

operating economics of various aircraft in a standard environment. Although

the method was last revised in 1967 and is largely based on 707 IDC -8 air

craft operated in medium- and long-haul service, it currently is the best

industry-wide DOC-estimating technique available.

The 1967 ATA formula was updated by comparing reported 1970 airline

costs against ATA formula costs. The comparison yielded the following

results:

a. Flight Crew Comparable but does not reflect recently
negotiated cost increases

b. Fuel and Oil - Airline experience higher primarily due to
air traffic control delays

c. Insurance Airline rate lower -approximately 1 percent
versus 2 percent, using the A TA method

d. Maintenance - Airline costs substantially lower reflecting
improved techniques, procedures, and
equipment reliability

e. Depreciation - Standard method applicable. Airlines use
varying methods.

Based on this comparison, it was judged that the current ATA formula

with minor modifications would be representative of new STOL aircraft in

initial service, especially where insurance and maintenance costs are likely

to be high.

The following modifications were therefore incorporated into the

formula:

a. Flight crew costs were escalated 6 percent per year for 1970
and 1971

b. The maintenance labor rate was increased from $4.00 to $5.00
per hour
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c. An equation-for estimating the labor cost associated with
gearing and shafting was added to turboprop maintenance

d. The depreciation equation was modified to reflect the new
CAB depreciation rules for aircraft:

Turboprop

Turbofan

12 year service life with 5 percent
residual value

14 year service life with 2 percent
re sidua1 value

To determine the weight and performance of aircraft ranging in size

from 30 to 200 passengers of the same basic concept, parametric sizing

techniques were developed from single point design data that was furnished

by NASA Ames. Equations were developed covering airframe and engine

weight, engine SHP or thrust, -block fuel and block time. Cost equations

based on the results of the flyaway cost analysis were also developed covering

airframe and engine research and development and unit costs in accordance

with the 600-aircraft production base. -

Using the ATA method, the DOC per one-way trip was calculated for

the Augmentor Wing, Externally Blown Flap, and Deflected Slipstream design

concepts as a function of vehicle capacity and distance and are illustrated

in Figures C-6 to C-8.

The step increase in cost shown above the 120-passenger capacity

points represents the addition 'of a third flight crew member.

The direct operating costs per aircraft mile by each element of DOC

for the 120-passenger Augmentor Wing design concept is shown in Table C-5.

The impact of maintenance costs as a function of stage length can be seen,

ranging from 131 percent of all other DOC for a 50-mi stage length to

68 percent for a 500 mi stage length.

A comparison of direct operating costs versus aircraft size for various

turboprop aircraft and the turboprop aircraft used in tp.e study is illustrated

in Figure C -9 for a stage length of 150 miles. This illustration shows that

the DOC estimated are reasonably consistent with the MDAC 210 STOL air

craft and, as expected, generally higher than existing CTOL aircraft. Also

shown is the considerably higher DOC estimated for the commercial STOL
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version of the military C-130, which is one of the major reasons why any

aircraft designed for military applications is not attractive for commercial

airline pas senger service.

For any of the STOL aircraft concepts, it should be recognized that

until such aircraft are actually in service and DOC are a matter of record

over a period of time, the accuracy of the present DOC method (or any

,method) cannot be verified.

The results of the DOC analysis show why the major airlines generally

look for large and fast aircraft, as there are significant economic benefits

related to size and'speed. Many items comparing DOC do not vary appre

ciably with changes in size with the result that flyaway and DOC cost per seat

decrease with increases in aircraft size. Larger aircraft, however, require

more passengers per flight to maintain adequate load factors for economic

viability.

3. CALIFORNIA CORRIDOR IOC MODEL FORMULATION

a. Methodology

Analysis was made of each element of each PSA IOC component to

determine its percent of total IOC and its sensitivity to the operational cost

descriptors. Each element of each IOC component was then allocated in per

cent to one or more of the operational cost descriptors as indicated in the

following section. New percents of total IOC for each element within each

operational cost descriptor were then calculated and totaled. A summary of

major elements within each operational cost desc riptor is shown in Table VI-4

of Section VI.

Average traffic statistics per flight based on PSA data covering number

of passengers, vehicle capacity, available seat miles, and revenue passenger

miles were then computed and are shown on the lower portion of Table VI-4

The total percent of cost of each operational cost descriptor, except the con

stant, was then divided by its appropriate average traffic statistic per flight.

Each of the resulting percents, including the constant cost per departure was

then multiplied by the average cost per departure to arrive at the equation

shown at the bottom of Table VI- 5 of Section VI.
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b. Distribution of Each Component to Operational ;Descriptors

(1) Passenger Service Expense

This item covers costs of activities contributing to the comfort, safety,

and convenience of passengers while in flight and when flights are interrupted.

Stewardess expense, which includes stewards, were allocated largely

to available seat miles (80 percent) since this parameter includes aircraft

size and distance. Normally this cost is allocated on the basis of block hours;

however, the short stage-length nature of the airlines operation made this

unnecessary. Although the minimum number of cabin attendants is fixed by

FAA regulation (Ref. C-9) based on the seating capacity of the aircraft, air

lines sometimes schedule more than minimum crews, particularly for peak

demand flights. In addition it was felt that as an aircraft increased in size

the additional crew member required by FAA regulation for each unit of 50

seats would probably occur before such an addition became mandatory.

Therefore, in the California Corridor, some allocation (20 percent) of

stewardess expense was made to revenue passenger miles. Similar logic

was used for passenger food expense,· which on PSA is limited to beverage

service. Allocating a large part of passenger service expense to available

seat miles in effect relates this cost to the capacity offered by the system.

In the Midwest Triangle Arena, the current practice of scheduling full crews

was not altered. Therefore, in the Midwest Triangle, 100 percent of stew

ardess expense was allocated to available seat miles. The allocation of all

other IOC components to the various operational descriptors was the same

for both the California Corridor and the Midwest Triangle Arenas. Passenger

liability insurance was allocated (100 percent) to revenue passenger miles as

this is the parameter on which the insurance premium rate is established.

Other passenger service eXf>enses, ~uch as interrupted trip expense, uniforms

and injuries, loss, and damage, were allocated between number of passengers

(47 percent), available seat mEes (30 percent) and revenue passenger miles

(23 percent).
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(2) Aircraft and Traffic Servicing

This includes costs of ground personnel at various airports for handling

and servicing aircraft and traffic, scheduling of flight and cabin crews, land

ing and parking aircraft, and space rental of facilities.

Landing fees were allocated to aircraft capacity (100 percent) as these

fees are generally assessed on the basis of landing weight.

For the other costs associated with terminal operations, fixed and

variable cost analyses were conducted. It was assumed that, based on the

frequency of service offered, a large proportion of these costs would be fixed

and that some costs would vary with the volume of traffic, especially the peak

flows. Allocations were therefore made to the constant cost per departure

(30 percent), numoer of passengers (42 percent), and aircraft capacity

(28 percent).

An attempt was made to differentiate aircraft and traffic servicing

expenses as a function of type of airport; however, since cost data of these

types were not available, the composite average of all airports was used in

the IOC cost model. While these costs reflect experience at generally major

airports within the California Corridor, it was judged that the improvements

necessary to general aviation airports to accommodate STOL service would

result in similar overall airport operating costs to airlines.

(3) Reservations and Sales

This item covers staffing and operating a reservation system and

ticket sales offices and developing tariffs and operating schedules.

Passenger ticket sales commissions were allocated to revenue

passenger miles (100 percent) since this parameter relates both to number

of passengers and stage length. These commissions are based on a per

centage of passenger fare for tickets sold by travel agents.

Other reservation and ticket sales office expenses were allocated to

number of passengers (42 percent) and to available seat miles (58 percent)

on the basis that 58 percent of these costs were relatively fixed and that

42 percent would be sensitive to the variations in the volume of traffic.
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(4) 'Advertising and Publicity

This item covers the costs allocated to promoting the use of air

transportation and the carrier. These costs were allocated to number of

passengers (40 percent) and available seat miles (60 percent). This split

was based on the same rationale as was used for other reservation and ticket,
sales office expenses.

(5) General and Administrative

These costs are of a general corporate nature with the major items

being property taxes, accounting, and data processing, and were allocated

to available seat miles (100 percent) since this parameter relates to the

capacity provided by the system.

(6) Depreciation - Ground Property and Equipment

Covers depreciation of property and equipment other than flight

equipment. Ground equipment costs related to the aircraft were allocated

to aircraft capacity (49 percent) while leasehold improvements and furniture,

fixtures, and office equipments were allocated to available seat miles

(51 percent) in order to relate these costs against the capacity provided by

the system.

c. Comparison of Aerospace Developed California Corridor IOC Model

It can be seen from Table C-6 that the IOCs developed for the California

Corridor are far below the other methods, particularly at high load factors,

and do not show the high sensitivity to variations in load factor that the other

methods do. The Pan American method (Ref. C-IO), although developed for

V/STOL applications, has costs· and trends similar to the 1971 Boeing method

(Ref. C -11) which is based on composite domestic trunk experience. These

costs appear representative of carriers typically operating a large mixed

fleet which serves many airports with significant cargo and baggage handling

costs.
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The difference shown can be attributed to the service characteristics

of high-density short haul markets, where the fleet size and number of air

ports served are minimized along with cargo and baggage handling. In

addition, the nature of the needed reservations and sales and advertising

and publicity also result in significant cost differences.

C.4 MIDWEST TRIANGLE laC MODEL FORMULATION

The Boeing 1971 laC formula (Ref. C-12) was used as the original data

base for developing a midwest laC formula. This formula was developed from

domestic trunk statistical and cost data and is shown in Table C-7. From

these cost parameters laC costs, reflective of a 120-passenger aircraft over

a 350 s mi stage length, were calculated for a 50 percent load factor with the

resulting costs shown in Table C-8 under the unadjusted column. Adjustments

were then made to laC cost elements to reflect the characteristics of high

density short-haul STOL service. The resulting costs, indicated in the m'odi

fied for STOL service column of Table C-8, were based on adjustments to

passenger service, traffic servicing,· reservations and sales, and advertising

and publicity as described in Table C -9.

C. 5 RETURN ON INVESTMENT (ROI)

a. California Corridor

California Public Utility Commission criteria were used to develop the

ROI model for the California Corridor. An example of the PUC criteria is

shown in Table C-I0. As can be seen, the rate base is sensitive to original

aircraft cost, spares, depreciation, and other assets. Unlike the CAB, the

California PUG makes no allowance for interest and allows only federal and
. '

state income tax~s ',actually paid to be included in the rate base •
.-

b. Midwest Corridor

The CAB computes return on investment and tax allowance (Ref. C-13)

by five investment categories:

1. Total long term debt

2. Convertible'debentures

C-26



Table C-7. 1971 Boeing IOC Formula, $/Trip

1971 BOEING IOC FORMULA

$/TRIP

5500 - PASSENGER SERVICE

Flight Attendants

Food

Passenger Liability Ins.
Other Passenger Service

6100 - AIRCRAFT SERVICING

Control & Communications

Aircraft Servicing

Landing Fees

6200 - TRAF'FIC SERVICING

Passenger Handling

Baggage Handling

Cargo Handling

Cargo Liability Ins.

6300 - SERVICING ADMIN.

K l(FC Seats + TC Seats) (BT)
K 2 K 3

[1<1 + K 2(BT)] [(TC Seats X LF) +
(K 3 X FC Seats X LF)]

K [(FC Seats X LF) + (TC Seats X LF~(Dist)
K [(FC Seats X LF) + (TC Seats X LF!l<Dist)

K (Aircraft Departures)

K(Max. Gross Wt')
1000

K(Max. Gross Wt.)
1000

K [(FC Seats X LF) +(TC Seats X LF)]
(Emp1/0B Ratio)

K 1 [(FC Seats X LF X K 2 ) + (TC Seats X LF X K 3 )]
(Emp1/0B Ratio)

K(Tons Mail, Express & Freight)
(Emp1/0B Ratio X .75)

K(Tons Express & Freight)(Dist)

K(Aircraft Servicing + Traffic Servicing)

(1970) K FACTORS

INT. DOM.

K 1 19.77 14.82

K 2
15 20

K 3
30 40

K 1 2.04 1. 63

K 2
.22 .21

K 3
2.5 1.7

. 00031 .00031

.00077 .00040

72.43 19.84

.90 .37

.56 .23

2.59 1. 15

K 1 144.50 120.30

K 2
.033 .020

K 3
.022 .020

144.50 120.30
.0053 .0053

.0455 .0455

6500 - RESERVATIONS & SALES

Pass. Reservations & Sales K [(FC Seats X LF) + (TC Seats X LF)] (Empl/OB Ratio)
Passenger Commissions K l(FC Seats X LF) + (TC Seats X LF>] (Dist)
Cargo Reser. & Sales K (Tons Express & Freight)(Emp1/0B Ratio X .75)
Cargo Commissions K (Tons Express & Freight)(Dist)

6600 - ADVERTISING & PUBLICITY

Passenger Allocation K [<FC Seats X LF) + (TC Seats X LF)] (Dist)
Cargo Allocation K (Tons Express & Freight)(Dist)

5200, 5300, 7000 - GROUND FACILITIES

6.71
.0022

13.46
.0062

.0018

.0082

2.24
.0008

4.48
.0022

.0012

.0065

Maintenance
Burden
Depreciation

7000 - AMORTIZATION

6800 - GENERAL & ADMIN.

* Total Operating Expense

K (Direct Maint. of Flt. Equip.)
K (Direct Maint. of F1t. Equip. )
K (Depreciation of F1t. Equip. )

K (Depreciation of F1t. Equip.)

K
1

[(Total Operating Expense) - K
2

(Depreciation of K
1

Flt. Equip.)] K 2

(Direct Operating Cost) + (Indirect Operating Cost less
GEm. & Administrative)

DEFINITION OF TERMS

.0669

.0258

.1468

.0951

.0499
1. 242

.0669

.0258

.1468

.0761

.0397
1. 223

FC Seats
TC Seats
BT
LF
Dist.

- First Class Seats
- Tourist Class Seats
- Block Time - hr
- Passenger Load Factor
- Trip Distance - mi

Max. Gross Wt.
Emp1/0B Ratio
Direct Maint. of Flt. Equip.
Depreciation of F1t. Equip.

C-27

- Maximum Certificated Gross Weight
- Passenger Emp1aned/On-Board Ratio
- Direct Maint. Cost of Flt. Equip. Excl. Burden
- Depreciation Costs of Flight Equipment

Including Spares



Table C-8. 1971 Boeing IOC Formula, 120-Passenger Aircraft, 350 mi,
TGW 96,500 lb, 1-h Block Time, Load Factor of 50 Percent

IOC Cost Element - Per Trip

Passenger Service
Flight Attendants
Food
Pass. Liability Insurance
Other Passenger Service

Total Passenger Service

Aircraft Servicing
Control & Communications
Aircraft Servicing
Landing Fees

Total Aircraft Servicing

Traffic Servicing
Passenger Handling
Baggage Handling
Cargo Handling
Cargo Liability Insurance

Total Traffic Servicing

Servicing Administration

Reservations and Sales
Pass. Reservations and Sales
Pass. Commissions
Cargo Reservations and Sales
Cargo Commissions

Total Reservations and Sales

Advertising and Publicity
Passenger Allocation
Cargo Allocation

Total Advertising & Publicity

Ground Facilities
Maintenance
Burden
Depreciation

Total

Amortization

General and Administrative

Total Indirect Operating Cost

C-28

Unadjusted

$ 59.28
110.40

6.51
8.40

$184.59

$ 19.84
35.71
22.20

$ 77.75

$ 46.23
96.72
60.45

1. 85
$205.25

$ 12.88

$ 90.05
16.80
2.25

.77
$109.87

$ 25.20
2.28

$ 27.48

$ 9.71
3.75

14.61
$ 28.07

$ 7.57

$ 43.74

$697.20

Modified for
STOL Service

$ 59.28
11.04
6.51
8.40

$ 85.23

$ 19.84
35.71
22.20

$ 77.75

$ 46.23
29.02
6.05

. 19
$ 81. 49

$ 7.25

$ 90.05
16.80

.23

.08
$107.16

$ 25.20
.23

$ 25.43

$ 9.71
3.75

14.61
$ 28.07

$ 7.57

$ 34.47

$151. 12
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3. Common stockholder equity

4. Preferred stock equity

5. Retained earnings

The percentage rate of return for each of these categories is computed

and applied to the aircraft value and related investment to determine annual

amount needed. Since this method requires detailed financial data that is

beyond the scope of normal airline economic analysis, an ROI method that

was developed by Sikorsky Aircraft (Ref. C -14) was utilized and was cali

brated to CAB investment base criteria (Ref. C-15).

The Aerospace ROI method, shown in Table C-ll considers such

parameters as:

1. Original aircraft cost

2. Spares and flight equipment

3. Average value of flight equipment

4. Other as set factor

5. Average debt/liability ratio

6. Interest rate

7. Tax rate

8. Return on investment

The factors as sociated with average value of flight equipment

(67.8 percent) and other assets (116 percent) were extracted from the data

developed in Table C-12 from data listed in Reference C-15. Use of this

method provides a rational technique with sufficient flexibility to account

for many variable elements.
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APPENDIX D

MODEL CALIBRA TION

D.l THE ROLE OF PREFERENCE FACTORS

A s explained in Appendix B, one of the inputs to the modal split simula

tion model consists of a lognormal preference factor distribution for each

travel mode. These distributions effectively serve to calibrate traveler

preferences for the specific trips, modes, and regions being modeled.

Preference factors take into account qualitative aspects of a traveler I s

decision which are not reflected in a pure cost-time tradeoff. For example,

an air traveler may attach a certain amount of importance to the prestige and

comforts of flying. A certain car traveler may feel that the scenic stops

along the way compensate to a certain extent for the extra time involved.

However, another traveler may think only of the problems with having a car

in a strange city and, therefore, shy away from this mode. Some travelers

take a train just because they like to ride on trains.

D.2 METHODOLOGY

In order to determine preference factor distributions for each mode and

each city-pair, modal split data for some base year is needed. U sing such

data, an iterative procedure is undertaken to determine preference factor

distributions which produce modal split results corresponding to the actual

base year modal splits. The se distributions will then be used directly for the

1980 modal split runs under the as sumption that qualitative traveler altitudes and

preferences will not change significantly in the interim. The CTOL preference

factor distribution will be used for the STOL mode for the 1980 time period.

Although the model has a provision for specifying different preference

factor distributions for busines sand nonbusines s travelers, this facility was

not used due to the lack of calibration data broken down into these two cate

gories. A single preference factor distributions for each mode was therefore

used for both types of travelers.

D-l



The deviation parameter of the lognormal preference factor distribu=

tion is determined for each mode, based upon the estimated variation of

traveler attitudes towards that mode. The purpose of the calibration pro

cedure is to determine the distribution medJans for each mode.

In order to obtain a unique set of preference medians for each calibra

e.on exercise, the median of the car preference factor distribution is always

set equal to 1000 For n potential travel modes, this leaves n-l unknown

preference rrl~d:2,n,3 with which to fit n= 1 known and independent fractional

modal splits.

The base year chosen for calibration was 1967. Tables v-to and V-ii

of Section V present the percent modal splits and actual number of trips for

California and the Midwest for this base year. Port and service-path data

for 1967 were obtained in the manner described in Section V o D. Different

regional demand distributions and traveler incomes were used for the two

time periods (1967 and 1980) in addition to different mode characteristics,

which are discussed below 0 All other inputs, such as traveler party size,

fraction of busines s travelers and local travel functions, were the same for

the two time periods.

Do 3 CALIFORNIA CORRIDOR

ao Mode Characteristics for 1967

Port characteristics for the 1967 time period were the same as those

documented in Table A- i of Appendix A. with the exception of parking costs at

certain CTOL ports which are noted in Table D- i.

Service path characteristics were substantially different for the two

time periods. Table D- 2 presents the California service path characteristics

which were used for the 1967 calibration runs.

b. Preference Factor Medians

The mode preference factor medians for each city-pair fell into three

distinct groups depending on the intercity distance. San Francisco-Sacramento

(70 miles apart) and Los Angeles - San Diego (110 miles) required

D-2



Table D-l. CTOL Parking Costs for 1967

California Corridor

Daily Parking
Port Cost

LLAX $2.00

LBUR 2.00

FSFO 2.00

FOAK 1. 00

FSJC 1. 00

Midwest

Daily Parking
Port Cost

COHARE $ 2.10
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Table D-2. California Corridor Service Path Characteristics U967)

Los Angeles - San Francisco

Frequency
Mode Service Path Cost (i) Tim.e (hr) (No. depart/hr)

CAR LGOR~FSJ 12.32 6.22 co
LSFV-FSJ 13.80 6.89 co
LOXN-FSJ 12.76 6.69 co

CTOL LLAX-FSFO 14.18 .92 2.43
LLAXDFSJC 14. 18 • 77 .5
LLAX-FOAK 14. 18 L 00 1. 07
LBUR=FSFO 14. 18 .92 .32
LONT=FSFO 15.60 1.25 · 36
LSNA=FS70 15.60 1. 25 • 5

BUS LCBD=FCBD 10.50 9. 00 L 35

RAIL LCBD=FCBD 14.00 10.00 .2 i

Los Angeles ~ Sacram.ento

Frequency
Mode ?,ervice Path Cost ($) Tim.e (hr) (No. depart/hr)

CAR LSFV-SCBD 14.24 6.82 00

LSFV=SGALT 13.32 6.40 C!O

CTOL LLAX=SSMF 15.00 L 00 .85
LONT-SSMF 24.67 2.05 · i 5

BUS LCBD-SCBD 10.50 9.58 .77

RAIL LCBD-SCBD 13.50 11. 17 · 08

Los Angeles - San Diego

Frequency
Mode Service Path Cost ($) Tim.e (hr) (No. depa.r't/hr)

CAR LSNA-DOCN 2.00 .90 00



Table D-2. California Corridor Service Path Characteristics (1967) (Cont'd)

Los Angeles - San Diego (Cont'd)

Frequency
Mode Service Path Cost (ID Time (hr) (No. depart/hr)

CAR LSNA-DCBD 3.52 1. 54 to

LRIV-DCBD 3.88 2.20 to

LRIV-DRIV 2. 04 1. 78 to

LCAP-DOCN 1. 04 .46 lD

LCAP-DCBD 2. 56 1.1 lD

CTOL LLAX-DSAN 6.67 • 33 1. 15
LBUR-DSAN 6.67 .42 .27
LSNA-DSAN 9.24 • 50 .23

BUS LCBD-DCBD 3.73 2.50 1. 38
LCBD-DOCN 2.89 1. 75 1. 38
LLGB-DCBD 3.28 2.25 .54
LSNA-DCBD 2.98 1. 90 • 69
LSB-DCBD 4.03 2.33 .54

RAIL LCBD-DCBD 4.00 2.75 .23

San Diego - Sacramento

Frequency
Mode Service Path Cost ($) Time (hr) (No. depart/hr)

CAR DOCN-SCBD 18.56 8.82 lD

DOCN-SGALT 17.64 8.39 lD

DCBD-SCBD 20. 12 9.48 to

DCBD-SGALT 19.20 9. 05 lD

CTOL DSAN-SSMF(a) 22.66 1. 53 · 12
DSAN-SSMF(b) 22.66 2.71 • 58

BUS DCBD-SCBD 12. 95 13. 50 .46

(a) Direct flight
(b) Connecting flight
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T:cble D=2. California Corridor Service Path Cha.racteristli.cs (i 967) (ContUd)

San Francisco - San Diego

Frequency
Mode Service Path Cost ($1 Time (hr) {Noo depa.rt/hr)

CAR FSJ-DCBD 18. 12 8.89 co
FSJ-DOCN 19.68 9.55 00

CTOL FSFO-DSAN 19.97 1. 43 L 15
FOAK-DSAN 19.97 1. 43 .27

BUS FCBD-DCBD 14.00 13.00 054

RAIL FCBD-DCBD 18.00 13.00 .08

San Francisco - Sacramento

Frequency
Mode Service Path Cost ($) Time (hI') {Noo depart/hr)

CAR FVAL-SCBD 2.30 1. 18 00

FVAL-SDAV 1. 60 .75 00

FDAV-SCBD .68 .33 00

FDAV-SDAV O. 0 0.0 00

CTOL FSFO-SSMF 9.08 • 5 1. i4

BUS FCBD-SCBD 3. 14 2.20 L 78
FOAK-SCBD 2.82 1. 80 L 78
FSJ-SCBD 3.52 4.75 .29
FWOD-SCBD • 71 0 42 .36
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significantly different preference factor medians than did the other city-pairs

(340- 450 mile s). Therefore, one set of preference factor distributions was

used for all of the longer stage length city-pairs, while each of the shorter

stage length city-pair s had its unique set.

Table D- 3 presents the preference factor medians obtained for each

city-pair. Since San Francisco - Sacramento and Los Angeles - San Diego

each have their own unique set of preference factor distributions, the modal

split predicted by the simulation model for the 1967 time period for these

city-pairs was in direct agreement with that of the 1967 survey presented in

Table V -10 of Section V. However, for the other longer stage-length city

pairs, the distributions used represent a compromise between the set obtained

for each individual city-pair. Table D- 4 compares the predicted modal split

for these city-pairs with the actual survey modal split for the 1967 time

period. In most cases the agreement is very good and in no case is the

absolute percent error greater than 1.8 percent.

D.4 MIDWEST TRIANGLE

The Midwest service path characteristics for the 1967 calibration time

period are documented in Table D- 5.

Consistent with the philo sophy adopted on the California corridor,

"long" and l1 s hort ll sets of preference factor medians were determined for the

Midwest Triangle. These are presented in Table D- 6. The Detroit 

Cleveland 1967 predicted modal split was in agreement with the survey figure s

pre sented in Table V-II, since a unique set of preference distributions was

used for that city-pair. For Chicago - Cleveland and Chicago - Detroit a

compromise set was used. Table D-7 compares the predicted and actual

modal split for these city-pairs using a single set of preference factor

medians. As· was the case in the California corridor, the agreement is very

good with a maximum absolute error Ie ss than 1.84 percent.
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Table D~3. California Corridor Preference Factor Distribution Medians D

City-Pairs

Mode San Francisco = Sacramento Los Angeles ~ San Diego Others

CAR L 00 L 00 1. 00

CTOL L 10 . 91 .74

BUS L 05 L 06 . 7 i

RAIL no service .76 .67



Table D-4. Comparison of Predicted and Actual Modal Splits
for Longer Stage Lengths in California Corridor

Los Angeles - San Francisco

CAR CTOL BUS RAIL

SURVEY 55.11 42.26 1. 86 0.77

MODEL
PREDICTION 54.78 42.26 2.08 0.88

Los Angeles - Sacramento

CAR CTOL BUS RAIL

SURVEY 63.36 32.88 2.77 0.99

MODEL
PREDICTION 63.46 33.04 2.54 0.96

San Francisco - San Diego

CAR CTOL BUS

SURVEY 54.38 42.64 2.98

MODEL
PREDICTION 54.36 43.01 2.63

San Diego - Sacramento

CAR CTOL BUS

SURVEY 66.86 27.33 5.81

MODEL
\

PREDICTION 66.71 29.13 4.16
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Table D-5. Midwest Triangle Service Path Characteristics (1967)

Chicago - Detroit

Mode §ervice Path Cost ($.1 Tim.e (hr)

CAR CCHI-DCHL 9.56 4. 15

CTOL COEA':.:~=DMETRO 19.85 1. 00

BUS CCBD=DCBD 9090 5.55

RAIL CCBD=DCBD 13 0 49 5.50

Chicago - Cleveland

Mode Service Path Cost ($) Tim.e (hr)

CAR c;CHI=VAMH 17.00 4.48
CCHI-VLOR 11. 67 6.79

CTOL COHARE=VHOPKN 23.50 1.11

BUS CCBD=VCBD 12. 15 7.5

RAIL CCBD-VCBD 16.25 6.6

Detroit - Cleveland

Mode Service Path Cost ($.1 Tim.e (hr)

CAR DROC-VAMH 5.48 1. 94
DTOL-VAMH 4.20 1. 40

CTOL DMETRO=VHOPKN 11. 00 • 58
DCITY-VBURKE 14.70 .72

BUS DCBD-VCBD 6.40 3. 15

Frequency
(depart/hr)

1. 72

.64

• 14

Frequency
(depart/hr)

co
co

1.0

079

• 07

Frequency
(depart/hr)

co
co

1. 28
1. 72

.72
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Table D-6. Midwest Triangle Preference Factor Medians

City-Pairs

Chicago - Cleveland
Detroit - Cleveland Chicago - Detroit

Mode (90 mil (240 - 310 mil

CAR 1. 00 1. 00

CTOL 0.66 1. 02

BUS 0.66 0.75

RAIL No Service 0.65

Table D-7. Comparison of Predicted and Actual Modal Split for the
Midwe st Triangle

Chicago - Cleveland

CAR CTOL BUS RAIL

SURVEY 61.42 33.36 3.93 1. 29

MODEL
PREDICTION 59.58 33.48 5.34 1. 60

Chicago - Detroit

CAR CTOL BUS RAIL

SURVEY 69. 54 22. 88 6.04 1. 54

MODEL
PREDICTION 70.95 22.70 4.99 1. 36
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APPENDIX E

STOLPOR T SITING AND SERVICE PATH SELECTION

The STOLport siting and service path selection process was implemented

in the California Corridor without the benefit of finalized operating cost models.

Hence, the approach used in the California Corridor was different from that

used in the Midwest Triangle Arena where service path sets were selected

after the IOC and DOC models were developed.

E.l CALIFORNIA CORRIDOR

Potential STOLport sites consisted of all public use general aviation and

air carrier airports within the regions, augmented by new ports to be located

at Chavez Ravine and Patton Military Reservation in the Los Angeles region

and adjacent to the CBD in the San Francisco region. A total of 59, 43, 19,

and 20 ports were identified for the Los Angeles, San Francisco, San Diego,

and Sacramento regions, respectively. Figures E-l through E-4 illustrate

the relative locations of these ports.

The method used to select the best set of ports can be best illustrated

by using the Los Angeles region as an example. The original 59 candidate

airports were reduced to 31, based on their proximity to one another as well

as to the centers of travel demand defined in the arena characterization

(Section V). Modal split simulations were conducted as suming STOL service,

with uniform frequency of service (45 minute departures) and fares ($16.00),

over all possible service paths from the ports postulated in the Los Angeles

region to a single port, Crissy Field, in the San Francisco region. Thus,

the differences in demand between the Los Angeles ports were due solely to

their locations relative to one another. The ranking of the relative levels of

demand attracted to each of the 31 ports, as defined by modal split simulation,

is listed under the 2nd cull of Table E-l.

E-l



o
•

Q
"l

JC
)
0

5
.,

O
IZ

1Q
D

L
L

!U
..

.L
.,

.W
,.

.

O
C

ot
lO

V
ER

(P
It

T
)

tFO
l\

O
~
\
l
.
S

~
..c

:."

O
S

U
M

IH
L

L
~
c
.
1
'
\

Q
U

A
R

T
Z

0:
\\

IU
.
~

PA
LI

o\
t>

"L
G

:

.
"
'"

"
"
D
U
~
E

O
C

R
V

!>
T

M
.

t
W
l
~

<:>
•

O
B
~
~
~
'

E
l..

14
1R

A
G

E
~
G
l
E
l
I
~
"

\l
'6

J
A

.F
6

.
.

M
'P

l.E
V
"
'
L
~
r' !W

oI
III

..
"
.

6
"
~

C
.I

'N
•

+"&
l'\1

iT

•
R

A
M

eI
lO

C
A

U
F

O
R

N
IA

(
~
)

.
I
'
\
.
~
"

V
\J

M
.U

N
'

.
«
\
~
~
I
I

~
A
F
&

I
l
E
S
~
'
A
.

.,"
,O

R
R

O
W

.
R
"
~
S
I
O
E

O
~
~
'
(

"'C
O

R
O

N
A

O
~
T
O
N
V

lS
R

ltl
G

oE
c
.
.
N
~

¥
1

\1
1

1
0

A
ll

M
tC

l\
O

~I
~'

.!
ol

ol
li

~
\
£
~
O

'U
'

(?
li

T
)
f

<>
CA

I"
!l

TR
"'

~O

R
lll

T
M

lA


G
II

..
F

IW
...

.t
l

.
.c

:N
41

.£
(N

T')
."R

""
-'l

O
-1

'\I
R

O

A
.B

R
"C

.r
-E

T
T

e~
DR
Tl
lN

~
rl

E
L

I>
..

.
M

'e
"a

..
J~

ED
LM

U)
S

~O
t.

IT
"'

~\
O

"'
'"

cc
~.

'"
tO

N.
I'

\.
~I

"
...

...
.
.
-

'i!J
!:I

'n
l~
RM
Jt
.T
I(
)\
\"
'L

V
""

'1

ll.
.F

Il
u

.s
P

.T
O

l(
.
.
.

""
U

I4
It

,I
I'

....
I..

+a
M

O
N

T
E

"
"
A
l
>
O
I
N
~
"

•
.M

o
o

I.
F

1l
\1

1&
.1

.M
eM

'
~
'
T
'
"

A
N

A
.

S
Q

u
N

il
a

.
E

I.
ib

l'
tO

""
,"

-O
R

M
V

.E
.

@
T

C
o

u
N

"l
'(

~
"
8
I
i
A
t
.
l
\

O
A
l
\
M
E
I
"
-
b
1
~
~
l
>

~
..l

l..
II

A
S

l"
'T

)
W

W
;;

"L
1\

fI
Il'

T
oS

8
S

IIE
P

l\e
R

t>
OP

A"
TT

bN
<

.N
T

)

S
IT

e
or

M
e

w
"P

O
R

T

Q
!:

\1
l)

C
lIA

\(E
'Z

R
A

lIl
llJ

e.
Sl

"T
E

.
O

F
N

E
W

,,
"O

R
,

0
'

•
C

A
T

A
U

lIl
o.

.
<"

'1')

.
.

SA
Il

F
S

't
lM

tD
O

.
~
I
I
I
T
E
M
.
\
N

~
,
.
~
~
~
s.
.\M

lL
L.

'fI
NO

OO
-
B
U
~
M
I
t
,

A
.-S

I
t
,
,
~

1'
\(

)N
IU

.
.
.
.

Y
lU

N
IC

-I
I'}

,L

'

U
G

IIE
S

(P
V

1'
)

Lo
~

AN
Ga

l.
E~

Ilm
aT

lW
lR

N
E

~'
N~
Il
-'
."
ot
lA
L.
:

..
.

M
U

"'
IC

11
O

.M
.

.C
OI
<\
P~
'"

¢
~
T
1
<
.
S
l
S
~

O
'fJ

II.
-E

iA
r.

<.N
T)

a1
1

lC
ll.l

SA
.M

D
Q

M
<

S

•
S

A
A

T
'"

P
A

U
L

A

O
H
E
t
.
l
~
E
R
S
O
N

F
ig

u
re

E
-1

.
L

o
s

A
n

g
e
le

s
R

e
g

io
n

P
o

te
n

ti
a
l

S
T

O
L

p
o

rt
S

it
e

L
o

c
a
ti

o
n

s

E
-2

FO
LD

O
U

T
fR

A
M

E
\

J

FO
lD

O
U

T
FR

AM
E

::L



;
.

W
4T

SO
N

V
/L

lE

eM
O

R
'A

II'
1

~I
u.
.

.S
k
.Y

P
A

ft
!<

e
8o

N
Io

I'(
D

o
o

W
(I

'I
IT

)

,
,
~

o
I

a
It

•
•

L
(0

l'l
IL

A
S

.
.

Ll
I/

E
R

M
oR

E
M

U
N

IC
IP

A
L

.A
N

T
IO

C
M

eC
O

N
C

O
R

t>
-
~
U
C
\
o
\
"
"
'
M
.
I

FI
E

L
tl

O
T

R
E

M
O

N
T

O ~
'"

.~
R

IO
V
I
S
~

;
:
~
X
O
.

.)
)M

UIlICI
PAL

"A
C

"1
/1

LL
E

•
O
F
A
1
R
F
I
E
L
D
-
T
R
A
~
I
S

"F
e.

),
eR

O
C

U
JB

•
N

t-V
A

C
O

O
N

lY

O
G

A
A

,<
W

O
O

t)
(N

T
)

O
M
o
,
:
>
~
~
'
T
E

•
Po

PE
\/

A
ll
E

Y
-
U
S
I
~
~

O
t.

N
(;

.W
IW

.
C
.
A
L
1
S
T
~
A

0
"X

.N
G

LE
fIl

Q
O

K
~"
'c
:\
o\

(P
n

·)

S~
oA

A
:l

o
_

_
0

.
.
-
·

y."
""

F
..

..
..

,.
.R~

'
~
W
"
R
t
)

•
•

fI
"

iE
R

t'l
lt

JA
L

N
E

W
"f

t\(
w
~~

e
"
,
.
-

S
•

R
O

S
A

-C
..

..
..

..
..

.
~

.
.
.
.

""
-y

.
.'

U
..

.~.~
U.«

,p"
-""

""o
FOi

/::
~:.

"'"
•.

...~,
\..

~"
""
.

i~8_
~

Jfi)
o/'~

J'~M
M.

_
~f

•
..=

'....
.,....

...
'~'I",

..
~'

~"
~,"

\B.
otA

M'~
~~l

t'.
..,

.,.
o~.

lI,
...

..:
;:;

.)
o"

f/t
"'-

-
....

'L
'-

O
T

F
IE

L
l>

SA
W

C
A

R
LO

S

•

C
lO

II
E

R
O

....
l£

•

F
ig

u
re

E
-2

.
S

a
n

F
ra

n
c
is

c
o

R
e
g

io
n

P
o

te
n

ti
a
l

S
T

O
L

p
o

rt
S

it
e

L
o

c
a
ti

o
n

s

C2
-

t
'

E
-3

FO
lD

O
U

T
FR

AM
E

l,
I

.1

",

FO
LD

OU
T

FR
A

M
E

?t
-



.L
A

B
M

O
IL

FO
ft1

>

O
~
,

..-
.-a

U
n

)

o
tr

'0
IS

*'
''

I
J

,
i

O
O

C
O

T
IL

L
O

'
l:*

'(
I.A

Il.
E

JA
eU

tilU
A

ow
.r

;:
:,

~
c.

O
c.

v.
""

,
~

l'
~'
T)

O
A

Q
U

A
C
A
l
.
l
t
i
N
~

i
S

O
M

I"
O

"
J
o
.
~

•
SA

N
tl

IQ
G

O
C

(A
l,"

",

O
'
A
A
R
I
I
~

"
3
P
S
l
'
~

(N
T

)

f.
G

llJ
.I

S
P

la

~R
AI

l(
ON

"

•
PA

U
M

A
V
"
~
'
t

lP1
11
O
C
.
~
N
C
M

O
FA

U
-B

IU
lO

IC

~
~

•
*

"
,,

-p
C

N
l\

,
~
"
l
l
\
.
2
l
l
l
W

TI
JU

At
JA

F
ig

u
re

E
-3

.
S

a
n

D
ie

g
o

R
e
g

io
n

P
o

te
n

ti
a
l

S
T

O
L

p
o

rt
S

it
e

L
o

c
a
ti

o
n

s

FO
LD

O
U

T
FR

AM
E

\
E

-4
FO

LD
O

U
T

FR
AM

E
J
-



•
AUBURti
MUllIC.~G£llllGE"lb"N

o~

IU_T~OVIM-O~

O~

O"TMMOIIT

Figure E -4. Sacramento Region Potential
STOLport Site Locations

E-5



T
a
b

le
E

-
1.

E
x

a
m

.p
le

o
f

C
a
li

fo
rn

ia
C

o
rr

id
o

S
T

O
L

p
o

rt
S

e
le

c
ti

o
n

P
ro

c
e

s
s,

L
o

s
A

n
g

e
le

s
R

e
g

io
n

l~
j

I 0
'

C
a
n

d
id

a
te

S
T

O
L

p
o

rt
s

2
n

d
C

u
ll

3
rd

C
u

ll
4

th
,

5
th

,
6

th
a
n

d
7

th
C

u
ll

8
th

C
u

ll
F

in
a
l

A
ft

e
r

F
ir

at
C

u
ll

R
a
n

k
A

c
ti

o
n

R
a
n

k
A

c
ti

o
n

R
a
n

k
A

ct
io

n
R

a
n

k
A

c
ti

o
n

R
an

h
.

C
h

tl
v

ez
R

a
v

in
e

2
R

e
ta

in
e
d

2
R

e
ta

in
e
d

la
R

e
ta

in
e
d

5
R

e
ta

in
e
d

2

D
"l

.I
1l

er
to

n
M

u
n

ic
ip

a
l

1
1

1

t
1

M
o

rr
o

w
21

4
3

3

V
an

N
u

y
a

5
5

lc
2

R
e
ta

in
e
d

4

E
l

M
o

n
te

3
3

lb
4

E
x

c
lu

d
e
d

H
a
w

th
o

rn
e

M
u

n
ic

ip
a
l

1
2

7
ld

6

t
O

ra
n

g
e

C
o

u
n

ty
8

1
5

7

S
a
n

ta
M

o
n

ic
a

M
u

n
ic

ip
a
l

6
8

R
e
ta

in
e
d

8
E

x
c
lu

d
e
d

B
ra

c
k

e
tt

F
ie

ld
9

11
2

b
E

x
c
lu

d
e
d

C
o

m
p

to
n

4
6

2
d

I
P

a
tt

o
n

O
m

it
te

d
O

m
it

te
d

2
a

S
a
n

ta
S

u
's

an
a

11
1

3
3

c

T
o

r
r
a

n
c
e

M
u

n
ic

ip
a

l
1

3
1

0
3

d

V
lh

it
em

a
n

1
7

1
4

R
e
ta

in
e
d

2
c

E
x

c
lu

d
e
d

B
u

rb
a
n

k
7

1
9

E
x

c
lu

d
e
d

C
a

p
is

tr
a

n
o

1
5

1
6

L
o

n
g

B
e
a
c
h

1
0

1
8

L
o

s
A

n
g

e
le

s
In

te
rn

a
ti

o
n

a
l

1
8

21

M
e
a
d

o
w

la
rk

1
4

12

O
n

ta
ri

o
In

te
rn

a
ti

o
n

a
l

2
4

2
0

R
iv

e
r
si

d
e

1
6

9

V
e
n

tu
ra

C
o

u
n

ty
1

9
R

et
a

in
ed

1
7

E
x

c
lu

d
e
d

B
a
n

n
in

g
2

9
E

x
c
lu

d
e
d

B
ig

B
e
a
r

C
it

y
3

0

C
o

ro
n

a
2

2

H
e
m

e
t

R
y

a
n

2
8

P
a
lm

d
a
le

2
0

P
e
rr

is
V

a
ll

e
y

2
7

R
e
d

la
n

d
s

2
5

S
a
n

ta
P

a
u

la
2

6

T
ri

C
it

y
2

3
E

x
c
lu

d
e
d



Based primarily on this ranking, the less popular port locations were

eliminated and the process was repeated. Over twenty different combinations

of Los Angeles region ports were tested, using the modal split program. The

results of the decisive tests presented in Table E-1 which identified Chavez

Ravine, Fullerton Municipal, Morrow, and Van Nuys as the preferred set of

four ports.

Thi s proces s was repeated for the other three regions within the

California Corridor, identifying Lindbergh Field and Sacramento Municipal

as the best single port locations in the San Diego and Sacramento regions,

respecitvely, and Crissy Field, Palo Alto, Concord and Marin as the best

four locations within the San Francisco region.

Service path selection had to be related to the STOL system operating

costs; otherwise, if dependent only on the total level of demand produced, an

excessive and uneconomical number of service paths would result. Therefore,

in the absence of a finalized version of the operating cost models, a chart

similar to that presented in Figure E- 5 was constructed for each of the six

city-pairs. These charts approximated the minimum levels of demand, in

percent modal split, which would produce economic viability on individual

service paths supported by the minimum fleet size of one aircraft.

Modal split simulations were conducted usually at several fare levels

between various combinations of the best port sets identified for each of the

four regions. Tables E-2 through E-7 present the result of this analysis

which covered STOL service between the Los Angeles and San Francisco

regions. Ideally, the maximum number of service paths (16) would be

preferred since it captured the largest number of travelers (36 percent at

$16.00, 13.56 percent at $21.60). However, since that demand is divided

between 16 service paths, it also produces the lowest demand per weakest

service path, generating a modal split of 0.64 percent between Marin and

Morrow and 0.36 percent between Marin and each of two other Los Angeles

region ports for the $16.00 and $21. 60 fares respectively. These values are

E-7
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considerably lower than those defined as the minimum acceptable modal split

in Figure E- 5. At the other extreme using a single service path, Table E-7,

economic viability is ensured, but the total demand is appreciably lower

than the multiple service path cases.

Figure E- 6 illustrates the tradeoffs between maximizing the total

demand while attempting to exceed the modal split required for economic

viability on the weake st service path of the set. Based on the relationship

shown in Figure E- 6, a six-path case was selected as the maximum number

of service paths, supplemented by a one- and a three-path set.

The maximum number of service paths was increased to include an

8- and lO-path case based on subsequent analysis which incorporated the

finalized operating cost equations.

Two port locations were also changed. Morrow was replaced by Tri

City based on a regional FAA recommendation and Montgomery was substi

tuted for Lindbergh Field because of anticipated congestion at Lindbergh by

the 1980 time period. The finalized set of service paths used in the paramet

ric California Corridor analysis is listed in Table VI- 2 of Section VI.

E.2 MIDWEST TRIANGLE SERVICE PATH SELECTION

A number of STOLports were identified from those illustrated in

Figure s E-7 through E-9, based on their proximity to one another and to the

centers of demand. New ports were postulated for the Detroit CBD and in the

Evanston (floating STOLport on Lake Michigan) area of the Chicago region.

The transportation analysis computer program, including the economic

analysis and ROI subroutines, was employed to define the number of

passengers carried as a function of vehicle capacity using the Augmentor

Wing concept for a number of postulated service path combinations. Use

of this technique directly defines those combinations of service paths and

vehicle capacities which do not achieve economic viability as measured by

an ROI ::: 12 percent.

Based upon the re sults of this analysis, displayed in Table E- 8, final

service path sets subsequently used in the parametric analysis of the Midwest

Triangle Arean were selected, as presented in Table VI- 2 of Section VI.

E-15
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APPENDIX F

STOL SCHEDULE DEFINITION

F.l GROUND RULES FOR SELECTING THE STOL SCHEDULE SET

The approach to STOL aircraft scheduling was to define a set of basic

schedules which were uniquely determined by their headway between depar

tures. The specific schedule to be used on a specific path would then be

determined by the round trip block time and the number of aircraft as signed

to that path.

The fundamental groundrule which was used in the determination of the

STOL schedule set was that an aircraft would be dedicated to a single service

path in anyone day. This somewhat conservative assumption enabled several

service paths between a single city-pair to be individually optimized while

as suring a realizable schedule.

The second groundrule was that a uniform frequency of service would

be provided throughout the day. This was consistent with the operating philo

sophy of most current short haul carrier s. In addition, flights would leave

only on the quarter hour (except for a special case of 40 minute headway

schedules wherein flights left on the one-third hour points). This also is

consistent with current operations.

The third groundrule was that the aircraft would be turned around as

quickly as possible, consistent with the second groundrule, in order to maxi

mi.ze the number of round trips per day, but only up to the point where ser

vice was provided every half hour. This groundrule also assured that the

minimum service on any path would be at least 4 round trips per day for the

corridors studied.

The fourth groundrule was that, if an even number of aircraft were

assigned to a path, identical schedules would be flown in each direction. If

an odd number of aircraft were assigned to the path, the schedules (which

in this case can not be identical) would be balanced so that neither direction

was favored over the other.

F-l



The fifth and final groundrule was that, consistent with all of the above,

the schedule set would be optimized to carry the greatest number of passengers,

when the passenger's desired departure times were distributed in accordance

with the diurnal distribution pre sented in Section VI. E.

F.2 SCHEDULE SET SELECTION

The modal split/demand matching simulation program was used to deter

mine the best of several candidate schedules for each of the headways consid

ered. For example, several candidate schedules having a 2 hour headway (but

with different starting times) were evaluated to determine the one with the lar

gest number of passengers carried (consistent with reasonable two-way balance

for odd fleet size s). The re sults of these optimizations are shown in Table F-I.

Note that several headways (based on the quarter hour rule) are missing-

2.5, 3.0, and 3.5. These were omitted because the same number of daily

departures could be achieved (while carrying more passengers) by using the

next larger headway. Headways greater than 2 hours only occurred for very

long-distance, single- aircraft paths using the Deflected Slipstream concept in

the California Corridor.

F.3 SCHEDULE APPLICATION

The actual schedule for a given service path under a specific scenario is

determined by its minimum headway requirement. The minimum headway

requirement is defined as the round trip block time (for that path and aircraft

concept and capacity) divided by the fleet size. The assigned headway (and

corresponding schedule) is the smallest scheduled headway greater than the

minimum headway requirement. Thus for a round-trip block time of 2.9 hours

and a fleet size of 2, the minimum headway is I. 45 and the as signed headway

is I. 5 (Schedule F in Table F-l).

F.4 SAMPLE SCHEDULE

A sample schedule for the LCBD-FCBD path for the Deflected Slipstream

concept is shown in Table F- 2. The upper part of the Table gives the round

trip block time as a function of capacity. The lower part of the Table shows
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the assigned schedule as a function of fleet size and capacity. In the manner

outlined in the 'example, a specific schedule was determined for each path of

each city pair as a function of concept, capacity, and fleet size. The fleet

size was increased until half hour service (Schedule A) could be provided for

all' capacitie s .
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Table F-2. Sample Schedule

Deflected Slipstream Aircraft: LCBD-FCBD

Capacity 30 40 50 60 70 80 90 100 110 120

Round- Trip
Block Time 2.481 2.520 2.560 2.599 2.640 2.677 2.716 2.755 2. 794 2. 833

Capacity 121 130 140 150 160 170 180 190 200

Round-Trip
Block Time 2.833 2.872 2.911 2.950 2.990 3. 029 3.068 3. 107 3. 146

Fleet Size Schedule Headway Capacities

1 J 2.75 30-90
K 3.25 100 -200

2 E 1. 25 30
F 1.5 40-160
G 1. 75 170 -200

3 D 1.0 30-160
E 1. 25 170-200

4 B O. 67 30-70
C 0.75 80-160
D 1.0 170-200

5 A 0.5 30
B 0.67 40-200

6 A 0.5 30-160
B 0.67 170-200

7 A O. 5 30-200
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APPENDIX G

CALIFORNIA CORRIDOR TABULATED RESULTS

(All Costs Expressed in 1970 Dollars)
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APPENDIX H

MIDWEST TRIANGLE TABULATED RESULTS

(All Costs Expressed in 1970 Dollars)



H-l

H-2

H-3

H-4

H-5

H-6

H-7

H-8

H-9

H-l0

H-ll

H-12

H-13

H-14

TABLES

Midwest Triangle Chicago - Detroit City-Pair,
Deflected Slipstream Concept .

Midwest Triangle Chicago - Detroit Sunimary,
Deflected Slipstream Concept .....•

Midwest Triangle Chicago - Cleveland City-Pair,
Deflected Slipstream Concept ...•....

Midwest Triangle Chicago - Cleveland Summary,
Deflected Slipstream Concept .

Midwest Triangle Cleveland - Detroit Summary,
Deflected Slipstreani Concept .

Midwest Triangle City-Pair Summary, Deflected
Slipstream Concept .

Midwest Triangle Summary, Deflected Slipstream
Concept .

Midwest Triangle Chicago - Detroit City-Pair,
Externally Blown Flap Concept .

Midwest Triangle Chicago - Detroit Summary,
Externally Blown Flap Concept .

Midwest Triangle Chicago - Cleveland City -Pair,
Externally Blown Flap Concept .

Midwest Triangle Chicago - Cleveland Summary,
Externally Blown Flap Concept .

Midwest Triangle Detroit - Cleveland Summary,
Externally Blown Flap Concept .

Midwest Triangle City-Pair Summary, Externally
Blown Flap Concept ...........•......

Midwest Triangle Summary, Externally Blown
Flap Conc ept . . . . . . . . . . . . . . • . . . . .

H-i

H-l

H-5

H-7

H-l0

H-ll

H-13

H-19

H-21

H-25

H-27

H-30

H-31

H-33

H-39



H-15

H-16

H-17

H-18

H-19

H-20

H-21

TABLES (Continued)

Midwest Triangle Chicago - Detroit City-Pair,
Augmentor Wing Concept ••••.••...•••.

Midwest Triangle Chicago - Detroit Summary,
Augmentor Wing Concept ••..•••.••.•••

Midwest Triangle Chicago - Cleveland City-Pair,
Augmentor Wing Concept ••••.••...••..••

Midwest Triangle Chicago - Cleveland Summary,
Augmentor Wing Concept ..••..••••.••••.

Midwest Triangle Detroit - Cleveland Summary,
Augmentor Wing Concept ..•••••••••••••

Midwest Triangle City-Pair Summary, Augmentor
Wing Concept .

Midwest Triangle Summary, Augmentor Wing
Concept .

H-ii

H-41

H-45

H-47

H-50

H-51

H-53

H-59
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